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~'bu .,;tU'ttl'J<.n;• wi~lies to eXJ.rGc.n his tif.if 1--ecin. tton ·t.o ~. .. tobe1'."t 
~i. so~ef :r ~ lJ.i-. · l.en ':Jf.. E\d~ fryr tb iir 41,aa1star1q(;) ir1 r· · r.t• ~ 11 · 
th .. ~G!X*imMtat1ott h %'' in reooftletJ. ur • .Scha.ef'er guV ·. U.:t:mel.fi ly 
t'he exp_.imen'to.t" both uit.h t.heoJ"et,ical hints and l~~ot.ical a. si t e - • 
JJ:tt •. :t~illg :pt'O]~oa• tJ:1& probl'1n.·and ga:ve the autho1• ~ey bell ful 
auggeQtions clUrillg ·the 3e 1r 
l .. 
<: r: 1.75599~ 
(2) 
M'iQiliGf~i 
The ~'i1'4tta:m f>nject ~· tl1~ Ull!'te<lfJ st~~t;ee. at~e m(a~ 
prQb~ wa du~VMl eQ$Gn'tiaUV tQ prrJduc meth~s and itlnt:rument. 
ot a:tortaic w~ii:.trfl. Gut Qf 'the mt~ inY<iiat.igat.ioM mu.de bJ the 
aci~~ts\$ ~~ ~meen WOt!kiM· w ut.ta:tn tbi$ ;p~um;iry goal, toUC 
int~1~ti~n ot ·va.lll· •fia ~eceaSi&..r1~ plac~d bl th(ti; b lckF;NUM 4'tn ., 
a~ a ~equ.enc'1!' • a vaot.· }l~'t. ~f rrat,e~ .. i~~ rtat4 orll;Y cu Oi":l ~ 
stl#diotJ b1f tl-lese -~~,,.a. 
S~iii: 0£ tbis n~teriQl MS be-en da-c1t"6s1f.te('l. ruld ~h · com.orci ;.l 
t1j\jbl1i~hing Gf the t-.¥ • .tUonal J!,i'Utl-aar· ~erw S9r;i.~4l h~·a .. """ae ~v~:llnb e 
a w~alth of knov~J.e~ t'o:r :!nwatrial twd. aon<l~U.c atuCW'. In tl1 
volume ~tton allilu\ n.nalyUeal et1 ~et.:r,-, (4), one o:t t'h r~t e~ 1"' 
Pi-~aatuG 4e&erib'4 is an 1.J.()Ctrocl~emiec:il. unit f:t~l•Y~b2g o. Bae~, 
apeet1~bo~\~.r-.  Tbta utdt ia ui.lt into ~he cu:voit c -riu~:;e 
&M tilUkea :t~ible th stu<~ tre ~ex " ct1t>r.s. l<lt low co .. oen~tiot ... 
'the mot'i1:fi¢tat1.on Wld ai-1~11c:ation._of this device co.M"titut th 
J'Ga.e~'h reeo:rde.<tli· tn thi.s t.h~sis. 
~ tbeoF.f ot abso:arir~ictt apect.rop'hotomnt:ey-, which 3. :necoa aiy 
fol* tit.i 'l.mtl•t"Gt.~~u.~ 0£. the motltw Of)<lltti~ti of tl'':ie tmest.iz~ .. t.ion, 
ie develope (t$· ll?~ll~a. , ~e color o-£ an inol'g:.tn."to sol tion c~ b 
tRi4ed to tb· 1nb~~W.t:t cul.or· of either tho cation or arJ.0t. 
i\iriaumet:t.ai:ey, tbis color 1$ d.eJ:,~de:nt on thG un$a\U11t,t.i n ox· tJ'ie 
I 1 . .? 
int"~~ el. <:rtron abel.lo of t.ll& 10n1 whethei $it1,rlo or ~lex. 
1'b ~$~ ·aleetJ'on detie1G11cit1a stv~ :rise to a ;. ~~, $OrJ·tion t electro- 
~t-TtOUc i"iadiati<>rl ot a sr.ecific wave l.es1tJth. Plw-aieal.ly, on i 
awa1~ of tl1e colo~ Q:f 1\¥~.:.i.t~~d 0111 ~i.onia:ted co·pp~1"' o!'* cob~.tlt i,QttS1 
but itl actual ~~.#"~etttoe n t"O~.l)i~,,.. . .-iy col<irles$ ion r~ ilbsc>r'o GOtt:Q 
r~diatiooo ill tl1¢ ultl"•.i.Violot or ild'rl.U,"~d 1~gions so th: t t.h1& 
teelmiqu · dwaJ .. ot,<x.i tox~ the v:loibl<i erecrtrura r~, in as t.oe, be 
(3) 
faasiJir mo41fiii\i0 tov ~~ tYJ.l."t· of tll~~ total leQ'tro~et1c e;,,,eetru~. 
~e~$~ of t.heif* ObViOUS C<l'l0~4tiGit1 t'hu i.onie $'tl'1Ct~ i;dliQh 
.ubG·Orb l1f:fht W~VQ'W f~ tl1e Vi~:i.bl& @pect~l ~,re 't(f"1G(t chro?OOi}~•Ql·~ ¥!' 
Tiie 1nt.er$$lttQ' of th~ color of this tui1 ot i~i in oiution tu• 
bl 6~rtfl:t"U.lt tlil9$0i;q Pl."Oi:t<n.~ioml to the coti.f!:Gn~tiotl ot tl~e i.on 't 
a;m\ iwen~:q- I>"POt'ti~l to the dt.;tu:m~e light iw.e to mivei th~ u~J~ 
the eolJ'At!Qn, !t)ia &tat~ ia .•natie on ·t..l1Q rll.LU.M.iUIJrtion tha't a 
l"$<4$~ble vartat.iQU a co1~c~t.r"-lt1an :bl ~~as~d and trh•i.t t:tie 
' , 
s~it1vity of the dete:et.intE in.-tJtwr.'!&nt 10 1~eu. Ar ... "llogous to 
'tbe. SU~l'Vival Gr!\IQ~io;n e'£ kinetic theOJ'y d.erivr.,t1on, 'tb.· ae~~J, ert 
law ean bt< dei.'ived to e~P"Sa this ideal re.tat.ionsl'lir.; bt-,t :1eon th 
1111t1.ml. and tinal itl\(l.'IWf.tf. ~ 1~1d1at1Gm puaeirlg; tbt"OU~h '~ cilution 
• I' 
of ra.d:lat.ion. abso~bi~ ;i.ona. 'lll!le et1u~.~tion ia · 'tJlQ b·i1d." t"ot" pt lyi 
a (i,Ur.imt:i:\l~ttive teebm(J.lle to tbe pl"'017iWtQ' of oolo:;r. Its i1ccepw 
ton 1.a 
I :!$ tbfJ fin-<1.l it:rt.~1;,a i ty 
l0 S. · the :tm.~:t ;.l intm~d tv" 
o.p DUU"id& to . the ~lSO ot: ' 
the nM.ttt!t'al logar-!t 
$YS't>ei1 f'tdS u to tbe y;ow .r 
inuic{J.ted in i'.~lth ·Sao 
~ is the conce;i:ltR.1.tto.n t jon 
' l 1$ l$DSt~ ot the l.igbt 
J)atll tl1w~1l the solu:t.icw. 
A rr~t::tioul. method off uutng th1a rr&l.ti.t:iombttp is by u.ai~ . 
ef)<nuit.:Lve t1bt'~fflecwio e~ to. me~~~ut'e th~ ~~'oount ot lieht 1~h1ch 
Ma passed throu~b ~ so.inpl.~ ot t.U'lk. owri ruxl ~;,uln.\H\)QUen t co1Q.1· ~iri ~loo 
with the ame>"a.~nt of Ut:l'it vi.hieb b~s ?:·~as(?Q th:rougl1 a krlowt1, or. stan : · , . 
(4) 
e.a:·111lic!:ttion.~ iWolve$ ket;q.!ng tb-G 1riit.iMl lt1~ht int~nsit,y .l.nd the 
l~h ot tb~ .ligl~t ~i'litb OQnst.~it to~· bet~h t'41JJ&. Uividi;nn th~ . ' ' 
eqt;t•·tt:toh to~ t.l.i~ sts.ndtU"<i $uclut10)• ('the oouhl;v ;prime(:1- t}.tLnt1tios) 
by tlbe equat.;t.on foi" the &ampl<i aQJ.utton (the aiilgl:f' pt'ii;.i.ed qnuntitfeA) 
aail '\di~ tlie J.oa;ar;t.tbm. of both $1u.e~ of the ftsult:tns fl.I':: e.t::ton 
11'1·~~· 
x•" B mGX*Q ~ta.i,'.Led diSCU.iilS10tl ef' tbt~ tl~e~ 0: · C(Sl.cr, ~ Pt,lied .· O 
ohem1c£~l· anal1td~e., tbe hrulo:r i• l"ef•n~ 'to the ltte~tt.we ~1fex . t:-cea 
(1). and (3). 
'. 
A$ a literiiture s~.~ch onow;e_dt hOWilVM"t th~t~e ha?llt be<e no 
Bp~eifio men~1on ot t?ie util;i,.aation a:t a s0U'•t!\)ft'tJ:A!ln~ ol-:tda-t:.:ton - 
'ii wet·1on syet,em 1n a speevophcrtGmet11$r e11Wtf.QG • l't , .~. tJ101"6£oi". 
deO:f.ded t.hat tl1e Work (lOU• :f.Q.r this fi&.}'•el-. Wli 6 to be ~m ~- ti$~ ti n 
, . 
of tl':.$ f':GMlil)ilitr ot 1~UJg & comr·ounti in the cuvette, and ~, 
followi1l8 o'f the re£1otion bt>tt1 tr.r ~\l'l& of th~ a~nt at cuwc11t 
!.\\$tUi1ed (011 tte total chr1.t"'eye uelivtired) UJ.d tl.: preaiota.bl~ in r · ,ue 
:ln i::·er c~nt tra:tJSmiss,1011. As i~e:rred. above, eit'b~r · conJ1is·"'\,&.c 
&r~.ml.ic ~~mr,;-oum o~ a:n tno~~a::t1C !on coUlfll be U.3t.id 'bu.'t been.use of 
it,.() N"d1 C(Jlol? the cation r-Q~crtion final.Jy' electEtd V.':1\.p 
Clii ...... + a-':; cu0 
?he t\Vx~e: o:f Nl!1.tionet:ti.p b~t"1ie(Zi:P tl'.m pel"* ¢Qnt tr~x&~t1>1Ssion ti.00 
OOl)tle~nt.t"i!.ti-011 detl:l'e~:i~ .. cw "'~~ $ ta b invlfi'lh't;te:;G.t~lltt 1n tl bor; ot 
e ~Usltiog ~1.11 OiJll'1i~icfj;l i"'Q:r:rziul~ tot~ ua~ in ~ e :rt,~)in eo:f'-..ee :it;;l-ation 
X\\~• 
Art aJ• a~d ch.,~ck on th~ l)t~c ~,.,.ton oi' tl~e exnerbnerrt.ation a 
ari'Ju~ g~,i~\ tt rio1;;eter, 1~:.ction:i ; a> t coulom t r (2) ·w-.:"$ U·.t· 
Q.o~oi<>at d iu \,he .syata1. 's e3tte:t"t~u.l eix·.ouit. 
(S) 
/1, iaCl't'11tni<i1';.j.o dit:~V.~ Of the avr~u\.,;tuat i~Cl'Udi~ the ext.er: ll. 
eir<Ctilitt i& ~t,OMt ~n pt~e: ·(G). !l'h~ tM.:tn ;:1oi11ts of 01>t1t·!'ltio.:n ere .• 
t'l>llowa. u n ·t.he tu if0: switob (K) 1e cl0<sftkl, the e.n:t.f'. s.oure ( l) 
ptu.nla~ a. WPrGnt .aroUild tbo ci11CU.1't'. whieh :ta nl! ttJ.y: ~~l~tea by t 
' 
rb6oa't.!l'b: (.L). 'l.1lG ions in 'tlie St1tr.pl.e coll (l)) ~~~- ret'$\.t¢Cfl 'to co1 r ·i- 
at.oma ~ plat.-t! O\lt on tl1ut ceJ..t•s eleotrode. I:rl sE~f'ius ',,; ith th,.a' 
OOUJ?.~Gn~ ~e a. cou.l"nieter, tl~ WarbU1"fi s;{ll.o ~4"'l<>l'!lQt~r ( J) , t nu .. 1 · 
wnmet~, (!I). '111~ ·electrolysis of Wt.t't.e:t" in t.l1c-a eOtllom~tE~r is 
jtQVGftled by tbl) ~utlt at QU~'t wbich ia r.MB~ thr<>U[t; t >& C ll 
; ' 
atRl the total nlwae of ~.'.a$ n1a~ b . e~.:iutett as 'neillg ~~ e t)al't.S o'C 
~dJ.t¢18&t1 to one J;art, of o~aen. In n.etu::\l i., '-}Otiee a '.f::.. t.o.r iu 
:vatlable 0?), wbicb eonva!:'*'t.$ 1.th& flUmb l' ot (H~ntim~te:rtt ef e;u 
l1be~a.t~eu: int·o miU1~1UiValenta ot e't~~a·a r-roouced. f, N~co:rd o:t 
the cu.r~0nt ie ~tilt~ed ill cnltMlat.ing t'h()I t(.ttal c!lf{:t':"Q vt-"'cl l G 
b ~~ ~.witted t.o tb~ ~edu.ciion cell. h:l'tiilf' each u.te1va. of re ·ct"'or~, 
coq:~t"'ieon t:-i ~uau"m~nt~ a:t<le tr:1t114e 01·~ t.1~1.lil sa."1.lr lo cell~ {D) and the 
l.11~lfiiit~Jl'Ce cell (E). For id.ei,,,l 01·k t:in al,,t:·rop1~1. te 1r.rt·"~rval e'ttoula 
·• 
be aJ.l.o'Wed fo:r equilibt•iu.in ~ttaifire.e:nt. i:u th~ r.m.q l~ cell. i'o:r tl. · 
\vor~ he.i·e ,r;~ox'('.ied ;,.\H ro:;d.matt¢:l;f t.hirt.y EH~C0:nd$ eumc d t mt.~.e 
the p~ cent u~~ .. :ustrdaaion Na<iifl~$ <n>slSt.ttut. .•
;Jiii ··Jox-k on the e<>'.l"·St,Notii.>;n Q;t· the i~c tual a;.r;nr·awa beJ 1 it 
becu;1tie evit'h»::t th~~t,. {;oc·tte mi~o¥- di:t?t'it:Ultiea 1orq.ct l:tiit.VC to b~ over- 
Cmt.iQ bf>foN: the f~J.Ctie· ,l OXJAll'l. iGntat:ton l')Q~t~fl. crhe t!hiilt h:riQl t1 
a:no el~ctrooes itii.re r.ieces&<:J.rily of V&i'Y small cn:l\0~$-~iu;:ct:tor~~ l a:i.:~u 
in or<ler -to fit :h~to the Cl.iV~t.te!tt. with ~·t m~iri:~tun d;f.$f lncemet1.t ·of 
volurJ:if4. Ti!eS.~l COlflZ Ql1Gl. t J ~-\:N'l CH)flt.~t;n.tcrt.i..id <J'i." l * 7S udlli <;:t. ::!• a:l;u~ ...
" 
~~l1 illt~r1 tuberh The 111.i tiril. ::1hur .i.r-~t o.f tba p:~:1.a:•t.w :ta a c~>t'J' .n.f! 1 ti · tly 




A - CUvette carriage 
B - El:rptJ peaitiOll eceapiea Iv' saturated caJ.•e1 electrode ill original piece~ •quiplellt. 
C - Saturated eoluti• or potassium chloride ued as a liqtd.4 Junctian between electrodee. 
D - Sample 
E - Re~erence liquid 
F - Rubber atoppera 
G - Salt bridge (three per cent a.pr) 
H - Weston d.c. volt-a.teter, model 540, aerial# 7796, ued aa a-.tei-. 
I - n.c. e.m.~. provided by three Burgess .D30 batteries {45 volt.a) 
connected in parallel. 
J - Warburg gaa llBJlometer 
K - SiDgle pole, a ingle throw kntte ariteh 
L - Cenco 1.1 amp, 357 om rbeoetat, aaed as n.riable :reai•talle•. 
M - Glaaa cuvette top 
'B - Electrodes 
('7) 
1~ 1.:. ~:t.trn~ <.*~l-i.~<l t<?· 01;· eJ"''•.t:i.011., After tJS'V~t-ul {.lift' ·11.n .t · ttom~ t · • 
t.bi~ w .. :i.a f.:b~~ll\f .:.tut:e l:.iy pouring ~ r'Ot tlJli•(tu -:in:rr cent AiOluti :n o:t 
~;.-.r throusli $. piece ct t•tve rrai .. '! lim"t,er 4'l 1 s t.ub:lr~h one end o 
wt::lo'it! bad lHJ~n or.'l,wn ®t :~·o re~~ to lXt atl~hllel" 1n dtamet-er t M th 
~IJilla:rt tpM~ UTA into tilflA br:tdj;c wharf! 3.'t <H Oled with' minimur. 
ot :eoti'ttriuctiot1 £Uld serves ear · ~. ~e plAtinUm el -ctrod a, eboaen 
toi> tltei~ ;r;ol~t:tv• ine~leaa, ~ set led into ·t.t~ er!dtt of t 
c.ar,:tlle.;1.!"Y tubea qu1t.e eaeiJ.¥ a.i·d a mert:UP"J junc't:f.on ts :lda:iitted 
tl1~f?;ll tt1e $a?r.$ m~e of fumel as used in :CillinrJ the :ridge. 
fi~:r the bri~e had beer •. l" .. laced :>evwrll \iMes it bccun·· 
a1,, >r;.re:r•t ~hat a me:fm~ Of k1;,·ui1>it1g tt1e bridge moist butwtGl nurs 
wa$ naeeoa~. 'the ob\*'tou:a coni!l'Otio:o bei~e v1&.a i·eeping th brid 
in a v•sael ~ high wmit :J.:ty. 'the cuvettea h.~.d t.o be cov re :t t·!l 
dec.:rease t:h~ po$e1bility ot ettot* !:ntrouuction, from tl1 :p.1'1\Qe r1 
of wa,i,oration, whieh C()Uld have be~n serious :rith :. .r ~ l s1~ii.O 
of tlirce millilliten. The t:"'11t'Or61-lCO CUVQtt is COVOX'OO th a 
at:::1t~'d c •. fl.a s top but the ~ther t·wo eovere1 sire(.J th .. r l t..ve · l 
eleot.:t-00$ ·a ono er.a. ot' a ~ .zilt briQUG 1.assi " throua: tl1 .. m, h~.v 
to b~ ~s1:,~ciall.1 pra1"•rett. "t"•o nud.Jei"' zero Rtbbor st.opt era ,., re 
wt dCl94l tu;ti, the , neeeao.l.ry '.holtla ti:rill.~l in tl1em. Th · c v t t<1a 
t.'her,;selve~ ~. o.sm~ :t 0.001 O'lntim tnr ¥tq~Uf!l~ cor~. cell,. 
As \'IC>Uit1 be r.Qticeu on Ct)f$" arison t<1it'h the or.i~;ittF>\l 11.it, (-'l), 
t. is fi1eoe ot~ fat 1~aru.tw:t ifJ sli$ t~ VWtlit'ied fof :ce~doo st. tea 
• 
later 3,r1 tl1is :r~ort. Th~~ car;ri .. _~ ta 11. ~ d in u aec od ~l 
l) tJ (.1U.a:rt~ SfiSCtl"Ol bOtOt"tfitef't ${)l"la.l fJ 3210 • f'he ~fiecti"le VOl 
~aroes th" :retJ.uction cell tro:m the d.c. battery source a _2.,1\· volts. 
'.t'ho trol.:.lem ot ke~iiy..1?lJ;; stroy li,~}ht out -at tl1e a1)ectrophotometar 
sw~ i.e aolv~ 'b1' c::m.1" ftllly J'. ncJi i:rfg ord:b~n~1' towellir;g ~und the 
t.txterral l.ecA.&. This 't:Tt;:~ e>~ 1 sulation ie nee EH~~ir"/ b~cn.ue.~ the 
(8) 
ortlimiry met~:al fit.t1!ll: :normt-41ly used woul<l f:.ot b.-.ivG give tt 
e u-riage unit auf'f'iei-at1t flexib.:tl1\.y to witl"1s't7'~~ the ~ ther 
~e &t;rease& wbicb aH th:-t UJ) w'h :n the c~ittge ;ts mevec :t"I-om 
one i,<uiitlon tQ, anot:tier. 
Jt.11 gld.asware used in tl•e t>:ltt;e~1~nt.'ltl work 18 eetieu.lou6)¥ 
elti!antld w:t:tb o.hromie u.cid ~ld. calgoni te 'ti) i1mu~e a 1'.l!n:ttr.Um of: 
encl" intro<iUctiOrh 11lu1 euvettos ~e el~.:a.teo w1t11 n:f.t.r-ie acid 
an.l Cr.tlgonite 4tnQ iil"ie<(: t r;,f'te.i-. orgtU'liO liqui tii:ns:l~s, ill &it•. 
tb$ electrodtt-s ai-e cl{,~ed l\U.>te$' each wn ~1 ·t.h ~nitric "Cid a:r.U 
dist.illeu wa:te:r to ~.lim1t:iate tl1e I;"1>BG1b1lity of theia"' 1.oaittom 
'>•!»& ew~be<l Oti tt1e following ran am ~A. et1trUing u1d 'tenrd.T.ta.t 
e1'1'G1~ imrodu.ct1on du to co11:.ier oxid~t.ion. 
(0) 
!lHii "n'&x"'tl wr~:fic solution .ta !,"p~ by di olv.lr.tg 
~pp~1matGJy Q.~''l gr~~ or \11$~6llt ~e CUS04•~0 ill a J.itOP 
oe watw L'l.'lla llUlHi<i!<J.U~~aiqr mtt a tbioa1dht. twlut.:IOb 
Of known ~!tt• ,~ M~\Y of the •tock. s,olu:tion tor the 
iune bere N~Ori.ed ta O.U4t N bl cu:pr:fo ion. At4}~:.ri t volu- 
mett>1o dilutions are i•\it aa requ1 ·!(J tD the l"t.ti1.S and · 1recis6J 
s~mp::l.U aN 1 l.mcikl. in' the cwette by n»e~.tt1& of !'! ®e millil.!tell' 
pipette. In tlMI. case <rt an arir.iot\ia. cornpl~ed ttantple, five Gror,a 
of c011oen~ted (ls 10 ammonium tvdrQ)l'tide are placed in the Quvett 
~ ~e nd.llllite:rs ot cur1ri4 ion aol.Ution ~r t4dded. 
~e·.~lts Neoroetl below ttre :rer,"'s~la.tive n,eleetio:r:ia whicb 
not onl1 i11oioate tn t.n).i) ef c;Oticlu-sion poasible ~t r~ao eho" c 
('Jf \he ma,Jcr ZailillG · in :tho e)tf;GM.mettt.~ teehniqu.o. 
~ f0<llov1bg ftbbrov1.at.ione ar• erof)loy d in thfJ u.:bulat!on 01 
~ T pe~ eent "t.ti~msmission 
o.n optteal t:lomi \Y 
~IMS • totti..l t.iIR· ot curr t. t~ 
·fOTAt OAS .. les;igtb or l1t1uid c&lJ..lmn disrlaecd 111 ·U1'i 
\iarl.Utif; 6'1G e-41)omot.or. 011<t c~1t:1mtt1tw 1$ £•qi.1al to 
0.6 xa:tcr eq.utvale:nts of cll~lS'e• 
A ... 'liaV$ length 
t. . - teropwnture oz g .. a ger•er~,t~u :1:n the coulometer 
*;ae e ll ()£ t,}'1'1. e-ae ~'l!lOlneter • 
(10) 
X = 000 millimicrons 
3 miJ.lilitere h a O .OOOll'1t) l! CU.004 
t.ps = 00.3 oo. 
Ref'e~nce Li<'ilJ;id 
~ T - ?~i.O 'I: . o. Dt = O.l>~ - ,,., 
'fll'"M % '!' o. n, 'JW .. 1.L GAS ·UCI~O />. . ..-~ · citl'l" ~IiiTR ·:~ "'~ ,; ,:) 
L,s1~s2 t2 -· •<~2 iE1-'"" 0,l rl'fty1J. Al I !4-XMtl n .U&l, r ' Jtb • • 
0 74.l .130 -- 3000 .174 
a 74.7 .121 ...... 30()() .174 
4 74.3 .129 ... ..,. ~1000 .174 
fl 74.0 .l.30 - 2400 .1%1 
8 74.:-t .129 - :!?600 .174 
10 74..1 .130 - 2000 .174 
l~ 75.0 .120 -- aioo .174 '"' . 
14 74-.0 .~"3l ... 2100 • 1?4 
16 74.0 .131 - ~100 .174 
JS ?4.0 .l..11 -- £000 .174 
00 74.3 .];'.;& -· 0000 .174 ' 
22 74.2 .lSG - 000 .1'74 
?A 14.4 •. 12a - PAJOO .lf</4 
26 74.l .aso -- 1900 .174 -, 
al u.1 .i;w - 1000 .174 
30 74.1 .1:.~ -- 2000 .174 
3B '14.l .130 -- 20...10 .174: 
.. (11) 
r.- ii XX 
A -=- 500 11lillDtlcro-m 
3 millJ.11 tQ?'~ ammon1~ comtJlexed o.OO.U.49 lf CUSQ.a: 
°'e; ::: 2l.3 e, 
Retermo•· Li~,d 
~ T = 15.0 ' 
i~~E '% T e. :z:ri0 TOTftjAfl , ... (W. 1;, -, IQQ~1 i(\tli :-·~ J"ll" ' 1im· - 
0 1s.o 125 --- •· 
10 75.3 1~""' .... . ....~} 
'· 
j:JO'' 75._g .124 ..... . 
30 75.4 .l£:i - 
40· 75.S: .lei o,.1e .. 
00 ?6.0 .U9 ..... 
GO 76.,6 • 116" -- 
70' n.1 .113 -- 
eo ?7.0 .ua -- ' 
00. 11.2 .112 - 
l(JO' 71.4 .lU - y 
JS)' 11.s .109 .. • 
JA.-0 1~.o .107 .... 
100 1s.o .WI ...... 
JS() ?a.a .100 ..... .. 
000 'ii· •::i .10() - •(~
'"a30 ?~.1 .10·1 - II . 
000 78.2 . 100 - 
200 78.3 .aos o.so 





2000 .10l ' . 
0000 .lBl 














Rull # !?? 













3 ld.llili"er$ ~iu. ooq-.J.~eu Q.,001149 l>t euso4 
t - t".'11· a o~ ~Q.S - ~ -~ ~- 
lte:tereDCO l .. iquifl 
!I T :: 7&.0 ~ 
$j 'l o. v. TOTPL GAS ra:cno N.nN3 tJ.LIT :U';T.H 
,(g tr-•; iQQl ta ~IQ.l ,.2 hll%~1-12 ., .... , <rml " I •• ' HI: 
1s.a .124 o.oo 2000 .1so 
?S.O .lf' .... 5 o.o? 2800. .lBO 
7u!3· .l!'i3 .w 2700 .1~0 ' 
?5.2 .JS4 0.21 2?00 .100 
' 
?lhl u:A o.oo ~700 .1so .  ;,: t 
" . 
7S..3 • 123 o.ss 2700 .180 ,. 
?5.1 .12a o.48 260(; .100 . , . 
75.0 .100 0.-01 •"l"JQQ .100 .:..· • 
75.0 .125 0.60 2000 .1&1 
751115 • 122 o • rl ~;;?6•')0 .lBO .w~ .. , ,, 
75.2 .124 t•.7S 2fl00 .lt.<t) > 
15 .. 0 125 0.82 OOOIJ .isc • 
~ # rv 
:X "= 500 millimterona 
3 ~nill1l1te~ .'.;).roJ'fi>Oni~t. COt.'lr.lexed e.ooriso n CUS04 
t - n7 ~ o,,., ga . - ~ , ·~ "'• 
Reto~cnc IJ.<,a.u14 
~ T :: 75.0 ;lS 
(l.3) 
rrn~ %T 4· t. ~m1AI Gt\S i>..lCRO J,.; $ .3LI? n:rr .. .. ' . .t. .. "' .hi~sl Ul, ~ .• &~2 '!~ ~.Sil tsa.~. lild , .. , 'AX.I· •J ) ! I< £mt ., l ; .. 1•·  L 
0 ?e.s .114 o.oo 3800 .183 
10 1i.3 .100 o.u 4000 .l.aa 
so T~ .. 9 o.a1 4000 .189 
' 
30 s1.o .09 ... "" o.sa 4000 .190 
40 32.S .OM o.47 3900 • 91 
50 63.9 .07€: O.GO 3900 .193 
v . 
00 85~0 .071 o.'75 3GQO .100 
?O ·~~.3 .063 O.Gl 3~)() .19/ 
00 s1.o .o 6 l.OG< 3700 .lfr9 
00 00.2 .049 1.~o 3800 .200 
t- 
100 oo.s .043 l . •'.'! 3800 .201 • ..; ... A 
uo 9c!.2 .005 1.00 3900 • .\)l 
)' 
lao oa,4 30 1.6? 3800 .20"' 
1:30 94.9 .,Of!3 .1.00 3000 .203 
J.40 00 " .017 1.94 3800 .204 • 
WO o.s.o •. ooo 2.11 3600 .206 
' \ ~ ' 
160 99·.l .004 e.4o 3(:)00 .20·; . . 
170 100.a <· 00 c.oo 3600 .~ ., •; ' 
180 101.s ft }!.'18 3600 • c:.'O ~ 
190 J.03.3 2.01 37,,,0 .200 . 
200 l°'l.8 ft 3.:U. 3700 .009 
e 
~oo 100.1 tt: s.~s 3200 .210 c::; . 
" 
240 101.s fl 4.oo seoo .t-ilO .. 
sec 100.3 n 4."10 ~XJO .?10 ~~:: .. 
aoo 1u.o a.10 3000 "~11 ,,..;:i ., .. 
(14) 
QmQYfr§Xfm 
fbe f'wJ' :t:lUW tabu~~ above !WO •11.'d.~ Sb tlla.t tt-ey are 
tM~luid.ve 11..- H,• l\n tndtvioual ~ala 'b~~ out: tb;e finer 
points oj? ~'h wn, howwa. so that eourae :ta Mlow . below. 
The a-cc~ ~rha an used to hel.p int9~1re.t tbe &it.:i. 
s·pee:tficml.J!V, tbe out"VH ot ouWtant va time aMbleo one t:o i'Pi"ar h- 
ie~ aolw \he :intep<U.$ 
Jflq :flit s : e~ i - WE'illt 
t:.:: time . 
rboofon~ «» uc.:ul1C.~t.:e mea.$\U."'$ ot the tGtal o~~ ~ h1cb J15.S 
paa~e4, is Q;VaUltble. 
am lJ: I :1& t7p1C{Al of Q.l; a<rt, ot J'!'UJl•, 0-n botb ~e 1d . 
eoqJlexed. a.q~lee• nnde w1t.b a sample eonc nt.110.tian ot tl1 order 
of 0.0001 no~. With ~'IW· G mtllilittel' ~;lQS \bts &Jls e. 
total <>f' 0.3447 wJ..eN-equiv.tents ':t- run. 8:1' F~~ • l.l ~ 
(o.ne ~~ equivaileni c: 961600 coulombs = SGtGOO ~Wi}ON•B ecmds)• 
one. ~ wcul~t• tlYit, 321.920 tdero..-o.mi~Qrt &$fZ:OJ1Qs aA neee Utll4:/ 
to Jua\ redUoe tbe :CUvr=Lc iOM pn$ent to &e<e Qt>pper. ~'h"':roto 
~pt)N~lateJ,y t.bi"1 seoc:ntiB at cuwf'Blt flow a~ n~eo r ~ at tti..e 
ounent ~'lSGli Qbt,-q.inetble. Plate l t.lbo'wu that a gi-a.phi.ca.l tNo.trn nt 
Of th• data aiv~s i-eault.s of a r!~Onl rw:ture over th3.s. re !on. 
Plate XI GbewG a . eul.'7$.'tt, vs tin~e plot, o:r t.bi$ &~ run.. 'l'l *" urea 
unde# tho curve ~. 1:iH~ents , the ohQrse t1"at!et;e1~d. !If the· zuetbotl 
(rt eotintivg squares the tot..'i:l.1 ~!!Ja is toune to b& 31,000 tn!e»o- 
aeulonib~cb is def1nitel,¥ xtO\ a sufficient charge to ~e t'he 
tilU llW$,ple. !towev%1~1 th orig1:nal duta. <lo QOV'el' a ~ rrueh 
lri)t'SG'r tbu that Just 1ecetSaar,v ~ that data. hov~ n.i abNpt char. 
lm tbe 11ei- cent. t.rar·smiesim t:tt. the ca.lculat-0d atoiehiometric i;oint. 
'7. T 
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C tJRRE NT v.s Tt ME. 
oo I 
00 --- ·- - --·-.-----T 
' 00 1 
I
r-, ) I 00 '" : \ I 
--- - - I 
I I () I 
I 
I 
00 "'' I ~ I 
~ 
I 
( D I -- -- ...... - 00 v _, 1 ~ ' J 
I ! 
oo I I 
I I I 
! I : 
00 
--· - 00 -· ·- 
·-i 00 
0 I 
. _ .. L-- ____ LJ . . 
0 .2 " {, Er 10 11 1'( 
,,. IY :/0 ~.2 2'1 ~' ~ 
TIME ( H:c..) + 
' (l'l) 
t\~ the otter ,..-~ mat'l in t'hia ·ooncentr~tt:lor1 · · vge t,ivte <i~ilar 
ar~.soo, tt . is coa1chldccJ t.™1.1;, tbe oolo~ S~rtoo to t.b~ oolution 
tw' f<tit~ the f~ (~d'.Fatd) or '10'!llplel(~d io1 1e ~t int. aise 
eMUgb to b d · t, .. t.ed b)" t.b spect pbo~fl'l•ter. . iuet?t 
~ ~ \l1er~t°" at ~l.e:e tei.r. tJ.l'tte.a ae. e01'J.oentrated. e ·e 
Udti&J. NNi 1 aa exempUtlt'eit by tb tlaika 'i!fJitJ t.his Amt ~ . 
bl d~loplng all •peri .ow tAleia'.,iqu:e. ~~oo:e neeesGtU"l d tails, 
BU.Cb as weit.i~ tu::r cm tl.quilibriu.m a:ttaiM&tJt "' 'th¢ aeluti.(.m d 
t,he 8eeeeaity flt a · ~1ir~•-tiot.) of the $tto1 ... " titeh (mun~ ) wit. 
ri tb tll$ opcdrg and. cloe~ of tl e cireU1t, f. ~ diocove • The 
fir-.n't point ta e. conat;:_.nt; eo~ at e~l't ho 1 ·vei"'• st.nee l1 ext 2· 
' .. 
ndGotitt!.o~ ·of. c:tbn~~ 1;o.J>ticlee ~ the glasa t~t;{,aitli' of th· el :et1~ . . ' 
h not ~t~ kno~~ aul the eft · cts ot tta~ cur~l'Cimt • $ r-n ri!'.. f'J.· 
' . 
tl1e tttae\l,ltiDG eollCont.ration i'r.?..clt r1t e not le. 
' .. ,. 
l't h:i\s be ·.n postuJ.a~ t-h.a:t th etteota al'isir;g bom t11 e ubov 
' . ., 
details vwtllt 1n t.ltG f1tUll ft...M~GiG1 plWO to bta oelf .... t,:r.,~O(l Ullg'. 
. ' '' ' ' 
!iowev~, t.be pi; ltcatton ot stat:! t;ic·u •tbous to thi& t.n of 
' ' 
l:'l.f'Oblem 1,14.:Sbt ~t 'b~ t.c val.ta · !no · th . :tor·'.'! c mean tree path ar.i" 
pMim.1$.JJ mentiQ'.tlOd QOllCfmt.Ntion gir.:at.iient at"" continual. bQ. 
atf'ected by tho pa,mi$gG \>f i·.rci-;o:tM;.ionatoly lar,g ·~ ctt:vret1:\ • . 
' . 
In :run II Il \h aarnpl oon~ins 3.4tii7 idn~-oqu.i 
fox- tc"he :fril."'st tirn.e :,'1 V"1xr:tat:lon of cw.er int~isity ll:i'ith a !>. iM~~ 
· Se 
O'I et.U.~!'flnt is cet~ct.ad. This rar-t'<"1l !tlso pl'OVes to11the l . · t fo"t' 
Whi<#h ~oine.tor ~®'1€ilin.ga •xx•o r.Ret~ca'bl bl ut u,\vi~ t.he chulgG o 
inttmfli ~ , .i th tl:lo pn.16* o:f 'time. The tottll cht~ 1. c sru:v ro 
ecq~lete "duotion 1r1 this Nrl !& 3~~.200 miot'O•o ulornh • Tbe plo·t 
&lfC\vt~ in Plate Ill b)\I an QSS&n~isl linearity of ~ Sf.tlM to1-. 
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\ A - 
lOOO .... """' \ ~ 0 
14<>0 \ 
\ A 
200 '\) 0 
" ) tao 
~ v ,/ 
'loo <; 
C:J I I 0 . 
0 . . • . . . I 
0 JO 1(0 (oO 80 100. I :JO 1'10 lt.O I ~CJ :>oo ~10 '"o 31.0 .2 8"0 
Ti111t ( 5Ec;) h 
OW) 
·)d eons~{iuentl;y w · ... 11:1~,.r """«~·"'na 
tor the fUll. r'.Jlig• ot data G>n th ~h 1t."0Uld t.£Jt n~es . ri.J.y b 
a.ba<>luteJ,y conalu-siv · •• A :i~a.~ ~ latfat!on of this disco~1tii1uoue 
' 
de,rGJ.ldat.tee, e:t pw cer.:i:t t~amt tdon en ®"" 1.- flow 1 1 t t. th 
lo\veri limit o~ epeot~bnto tt :J'i· setm:1t:1vity is n.r.tthed ~en tll 
' . 
conct~ttioi•. Gt oupric 10~ tall• bolow o.ooo n~l. 
ree<:1:rt~.Hco"1oo foJ:' tha po~te:r QJl t.hia wn ~ 
as Ule:t1sfttct~ o!nee the bottai' o't tba eoul<nfleter c "'11 h<-•d u 
;pACipitat.$d alu.dB• on it Which s ~to tn(ti ·te tbe p ~.~ of' 
heaw metttl i:tJPU!'tt;:i 1?1· the aqu u .olut.i of &odium au.:tfat, 
~llich was cien~~ea.' '£9'1! 1.,,'hG r~ct:t on of gas. ~e r main:! 
4.ata ei'e a record ot 011~tion G:ttn tb cell ao clea .. ed. 
~'3 obscNfitiona .. lt!\d• on Rlft I.??· ~ d~fiid tel,y s:tet na 
el'tp<*Oted. tt..e 01eai1c:d cOltlomet-• etve:s aoeu t noul 
' aiu.at. CO'!lGt .. nt o~t eB~'-bli b · an idul cn1v£ro~nt o:r . 
~ .ttC<af't:~i~ the validity. of tbe prwioue run•o bJU .. tio • 
A· ~ h no-ted tn t:he tw.bl· of resul~·, ho 
ae~t:t-wing &t JiOints la obt.:~in.e4 to't! the i eEmt W'~. ·mtooion. 
It $;iiiJ! b(f obaene.4 thflt 293,000 mic~oul•~~:# have b en {l.u 
expla;na.tio:n. tor th1a rm malOU6 be :viout" i tbtlt sem tSort. of 
' 
internal. ~ho~"'t cir<.n.1it·• b t-w:.~Gn t.he· ~alt. bridB (~r.u el tl'~d~a, 
b~ oeouwett. For iua~!:t'i.eo, it ·itl i-eason"tblo to Jwrotl· · i~e toot 
lf:\tb ove~ to~ V()lte ~ .. ·•ros-~a t,1,e cell a · ~ :I.bl rewot,ton or the 
' 
pl"U\em ~rt:leles (.~dt.ter1,'>i1s) in tl~c ~;;;rar q QCc:uwe rot. eJ> 
thtilli tl1t~ uesi:red ®t~i" redut.rt,ion. Thia X'(!iault n:et.w1U¥ otte 
e~ moot •p()it'lt mieh lta t1{:1t as 'Jf'~t cer1 ~olve .. Th ourv o 
plates. v ~ll'ld VI rex ient -the o •t:J:.1 obtn:in~l on t'h:l.a wn. 
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0 ., 0 "0 <f 0 I 0 0 II 0 1 l 0 1:1 0 I u 0 f./() ,o t.O • .., 
0 I 0 l C' 
T1M6: ...... 
{:tl) 
I o • 0 
I< 
,90 
.fO J (v 
,70 I 
I ' .so 
I .~o 
. ( v 
. 'lo I 
I .30 
I . lo ~V 
.10 I 
I . . . 0 I 
l{d ro (,0 'YO f'O 90 10(1 110 IJO 1"30 1'(0 0 10 20 "30 
(38) 
ot t-bt da~· ot wa . * I?. ~e e:.'lt.a on t'hia ~ · .. :re also of a 
p auU.u Mtuft. ~ start~ vti.riat:ton i i:ie:r oent tl .. J"J$tnls· iotl 
,. . ' 
i4CC~i by' tlie n~ettell:t7 r~a(JJ~t:tag o;e· th aUt \Viti J'.l., a:ro 
ineott1patibl With tbo t)ree~dirtS .. The • ·cm 'Lo t i u.n- 
ex.pet'ltt~ 'beha1ViOV ·1s· aetwUl.}I' an exut~ie o a i-olapa in method. 
ae ~eritn ; r,: 'acc:ust-o to the '"bl'li<,:1ue o·£ tbff :rum; bi tb 
\! , b1• "' e'tt.~ :b1Co3:'p0rot~ a mistci.ke t th Nc;.;Ul.Hr- proc "u • . . 
T:he p&rlodie o~~ ~ e Gt.I t'.i e a~"lr.d~iro ~eteNn-C$ l:h.tuid aFG ma. e1 
l»t by rut·~d ·uatins the pe2' oent 1trt"A1am!as1on. to 1&.01., but i 
·tm.l~ibg.th. ct:.rcu:t.t. :t tiie la I\ aeUJ"ed per c. t tr·n aa1on~ 
The •eblng- ot ~e Us'bt !~'!Sf3ion el!t :lo \bO mecbard.cal 'b9.h~c~r 
ratbei- t'tian the spctetrophotomet.(1r• 1rnterM1 ~ircu1t. 
t 
pro:ttucing ~ cyclionl 1M~il$& .f.n th NCOri p ~ oent t:m.n miooto , .. 
v:touai, t.1i data of tJ11s i-un ar .. uaela $• 
the f'esults ob"iMCl, therefore, ~· ~ ~ ooriclu(·1ve. 
'tt~:t,ive limit- to. tM s r.s.:lt:lvitN o:t t'he te t1,tque J.$ .iaig.noa to 
the ~).0006 normal' coDCf,mtr:~t:ton J!Ut>S • A m;;~n. · a~il' of tl1e 
nt)cfJaai t.y ot rer; ·dr•bl$ .ler-t aur:b}f,:t t!ie mn i · Ul.U:ert.r· .t 11 t 
~sulta .of the 1a.~t run. 'the :"'tUIS 1:.irtt ~1t t.be 1~ooai:btlity ot a 
linea:r ~u:l.atiOllpl'd.;p 'bot'V en. tl1.. ,er coot trar~mtssic.>il Qt) current 
ptl,a¢:d111 Th authl1"' t. els thrt.t the t~;.oh:~iqu f upplic.ati ie 
easenti~il.~ eo:rrooi, G.1.lt~OU.Sh a tevt 1ml.noJ" variations tii:w- b 
co sidereu. 1'1.? :tUt01•e 1~ eto :;s tl'u'~ tb · resr-o Eli of t, ·. dep id t 
"' ""table ~ our~·t ts r;ot. ~dil\)' !d ,11titiallle from th -cy1 ot 
cireuit o!itowni a 1;0t.eritioiJetrio v 'l.'t.t~e eout*C t'dSht b.a tr··ed. 
4~t~t c~louJAtio:i.ia 0£ tl'i.G \V .. lriaus i::otsnti l oi:s ' u .• a 
1f£10\ll'tt bUt J'e't:.\$011 le att:irc>#d:fm tj,()n to . J .,tit t..uf .. Ci I.it 
Volt 1.go mig11·tr be rode H.nd t,hia fraotio.r of :to:rt.q-fiv• volte couJ. 
(~) 
l> ap lied im\ttM! of t.be vluiO$ . t.•a r-•t.$ll\ial ol"Or. A ot.ro 
obj•etio t tlrts ~.. ot' o.rerimet1t ~ts 1n thEf rJoa~li U1ty t 
a atl3'. reduced OUl"r m tlo md CJonaequen\ nc b 
no:tton ~ l ~ e \ ·:f.tdi.e. t t.h 
~~tion, t.bts teobrdque bei atudied b 
applied to o-th~r :<:t.1.1'.itlna,. ard.OMt ~ Olli io s:y •~ 
te<:b?iii1tu might. ftna mo• tetlG:i. t:.!:ve re&r~ li~its in 
zt.acl1.a t:ton ab· oi-r>t.ion• OOT1ect~ in '\M eas , ot an o a .:le com.pou • 
other JH);;,~ibl ori. tiosi. Rd.Uct.i~na hicb e,.rQ :rth mentiotd.nS' o..rG 
te:rric to terrou - , chro 
!he wr· t olil t .. 
~"° (4) ttt b 
t t:Ud 50 
s, or- ·boJ.J.ic to thallous. 
escr1b in tl'~o o~ib,~nal 
The vwrk ~!~:iaa 
it 
the :t\ttu!.re plan 'Of wo tnolu.d s obeck consist na of conce ~ t 
. I 
<ualcula.'\iCJn ~ the .m.f. ~ 'tJ.',t sample, this t,yp· o r ~teX't'f . 
cell might b <.1uit.e dVantage oo. 
(25) 
7b(l. wt"Jrlt do"nG on th1EJ r'eao l.X"Ch JJrQJect i an atteuq;t to 
a,&,-t u ~phGtomet r rewetion u:nlt to ii cation w~ais. 
· ,.~rtment or oorlduettKl to 'tieat. 'the val!di ot fbllo~ a 
, uplf'ic 10n ~o\1on with a e'hanSe in tho col.or tutenuit¥ Qt' th 
£h).tllpl solution. · Absul\tt& Cont'!lUai·ons are not att.eqtte.d becttl.We 
of the lirldt data collff\G(l. "'. w~r, 't'h.e or.a hintn t a 
U.r.i.ear reiattooobip between the pGl' o$nt ~t:'Omisaion o~ t.bc 
mt)l• 4md '1'·• total oba..vge wniob ht,,,, . betm in~G.~d into tlte 
c u. A ·tentativt a.ow *' l.imtt. ot effective ·cone n~ti n 1 
pl.Qcw at. aNWld 0.0000 noma.i. ~ughO"utthi& tbesi attempts 
aft, ma.de to rel&te aome of' the oo:r .tmpurtnl1t aourcea of' error 
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